Supplementary
. XRD patterns of the fault-zone materials. a, Plate-boundary fault of the Japan Trench. b, Megasplay fault of the Nankai Trough. Sm, smectite; Ill, illite; Mus, muscovite; Chl, chlorite; Kao, kaolinite; Q, quartz; Pl, plagioclase; Cal, calcite; cps, counts per second. Figure S2 . Frictional behaviours of the fault-zone materials. a, Plateboundary fault of the Japan Trench. b, Megasplay fault of the Nankai Trough. Experimental parameters were set to an equivalent slip velocity 45 of 0.01 m s −1 , normal stresses of 0.5-2.5 MPa, and slip displacements of 1-3 m. The steady state (ss) of the friction was confirmed at each normal stress to determine the friction coefficient. At the end of run HVR3869 sample leakage occurred, so an additional run (HVR3905) was performed. . Earthquake nucleation was started at 11 km depth by prescribing a local reduction of yield stress (c and e). Pink shading shows the region where thermal pressurization occurred in our modelling. The dashed curves show the parameters for the simulations using the overpressured initial P f condition at the Nankai Trough. Depth does not correspond to the distance from the trench along dip.

Supplementary Figure S6 . Time evolution of slip as a function of depth. a, Plate-boundary fault (dip 15˚) in the Japan Trench at hydrostatic initial P f condition. b, Plate-boundary fault (dip 15˚) in the Nankai Trough at hydrostatic initial P f condition. c, Plate-boundary fault (dip 15˚) in the Nankai Trough at overpressured initial P f condition. Depth does not correspond to the distance from the trench along dip.
Supplementary Figure S7 . Time evolution of slip as a function of depth. a, Plate-boundary fault (dip 9˚) in the Japan Trench at hydrostatic initial P f condition. b, Megasplay fault (dip 20˚) in the Nankai Trough at hydrostatic initial P f condition. c, Megasplay fault (dip 20˚) in the Nankai Trough at overpressured initial P f condition. d, Décollement (dip 7˚) at the Nankai Trough at hydrostatic initial P f condition. e, Décollement (dip 7˚) at the Nankai Trough at hydrostatic initial P f condition. (Fig. 2) . c, d, Changes of shear stress averaged within the slip zone of the plate-boundary fault of the Japan Trench (left) and of the megasplay fault of the Nankai Trough (right). D c , critical slip distance; τ d , dynamic frictional stress. e, f, Contribution to the pressurization of interstitial fluid at the centre of a slip zone with a thickness of 5 mm at 5 km depth. The dashed lines show the results for a slip zone with a thickness of 10 mm (Fig. 2) . g, h, Changes of shear stress averaged within the slip zone. Other parameters used in the TP modelling were set to the same values as those used in the modelling with a 1 m s -1 slip rate and a slip zone thickness of 10 mm, described in the main text. 
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